. The dither signal is well known as one of the classical techniques to improve the static characteristics of the servovalves under the transit condition from static to kinetic friction [2, 3] . Substituting for the dither system, pulse width modulation effects on the hydraulic servovalves has been investigated [4, 5] . In recent years, numerous studies have been conducted to improve this non-linearity of the hydraulic servo system by introducing various control algorithms. The Neural Network can be considered as a fascinating controller because it is capable of flexible learning and mapping. The authors have carried out research on the quasi model reference adaptive position control with a Neural Network compensator for the hydraulic servomotor with friction and leakage [6, 7] . The object of this research is to attain precise position accuracy employing the Neural Network state feedback compensator in the hydraulic servo motor system with undesirable dead zone. In this paper, two methods for improving the steady state performance are proposed for the Neural Network control system. One of them is the conventional method using dither signals, which superimpose a high harmonic frequency wave with small amplitude on the system input. One feature this technique offers is that the circuit is easily produced. Here, the sinusoidal dither will only be discussed. The other one is a unique technique using pulse width modulation (PWM) on the actuating signal around the dead zone. Consequently, the simulation and experimental results will reveal that both techniques respectively assist the online training of the Neural Network while the actuating input with small alternative signals are operated in the steady state. 2.SYSYEM DESCRIPTION In general, the hydraulic servo motor system can be described by three basic equations, that is, the continuity equation with fuid compressibility and internal and external motor leakages, the flow rate equation through the critical lapped spool of the servo valve, and the torque equation considering friction and viscous damping. Therefore, the state-space notation is introduced by linearizing these basic equations [7] . (1) The block diagram of the closed-loop position control system with the state feedback compensator F is shown in Fig. 1 , when the third term of the right side of the Eq. (1) is omitted. In the previous report [7] , The gain F of the state feedback compensator was determined by the pole placement method. As a result, the nominal model became the second order system with undamped natural frequency (o = 30 rad/s and damping ratio C= 1.0, which was also utilized for the reference model. By means of offline training using simulation data, the feedback characteristics were mapped to the Neural Network, which consists of an input layer with 4 neurons, the first hidden layer with 8 neurons, the second hidden layer with 4 inputs and one output neuron. 
PWM generator
The use of PWM signal is an effective strategy for removing the non-linearity phenomenon as opposed to the dither method. As shown in Fig.4 , translating the input voltage u to a PWM signal with an amplitude Ai, so as to exceed the friction torque Tf, the hydraulic motor can be smoothly driven. The PWM signal is generated by comparing the input vo(t) to the triangular carrier signal c(t) with the frequency fp. When the input signal vo is larger than the amplitude A, of the carrier wave, the actuating signal u is equivalent to the input signal passing through the PWM generator. The duty ratio of 50 % is adapted when the input signal vo is equal to zero. As shown inside the dashed line in Fig.3 , the controller is composed of the Neural Network compensator, reference model, and dither/PWM generator. The original state feedback compensator F can be replaced with the Neural Network. During the test, it is also possible to arbitrarily select one of the two generators using a switch circuit.
The main specification and coefficients on the hydraulic servo system are given in Table 1 . Fig.5 . These fi gures indicate the steady state performance of the step response from 0 to 2 rad. Figure 5 (a) shows the differences between the state feedback compensator and Neural Network compensator with and without PWM. It is evident that the application of the PWM signal to the Neural Network control system has an effect on improving the steady error. As detailed in Fig.5 (b) and (c), some steady error and position fluctuation occurs provided that unsuitable amplitudes and frequencies are chosen. On the other hand, setting suitable values, the angular position is well followed with the reference model signal due to the online training of the Neural Network. These simulation results might be evaluated by two criteria, that is, the amplitude of the noise ripple observed in the steady state position signal, ON, and the integral of time multiplied by absolute position error, 17, as shown in the following function.
(5)
Where, t1=5 sec and t2=6 sec are chosen. Figure 6 represents the evaluation chart under the condition of the various frequency f and amplitude A. The hatching area 
